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Atlantic Herring Hydroacoustic Survey
CRUI SE PERI OD AND AREA

Crui se operations were conpleted on the continental shelf (depths to 300 n) in
the @Gulf of Maine and Georges Bank regions, including the Canadi an Excl usive
Economi ¢ Zone on eastern Georges Bank. The 2002 Fall Atlantic Herring

Hydr oacousti ¢ Survey was conducted during three parts between 3 Septenber and
11 October 2002. The first day was allocated to acoustic calibrations
dockside in Wods Hole. The FRV Delaware || departed on the second day, and
conduct ed acoustic survey operations in the Jeffreys Ledge region during 4-13
Septenber (Fig. 1). During part 2, a systematic survey was conpl eted al ong
northern Georges Bank during 17-27 Septenber (Fig. 2). Part 3 of the cruise
focused on experinental research on Georges Bank during 30 Septenber through
11 COctober (Fig. 3).

OBJECTI VES

The Northeast Fisheries Science Center (NEFSC) conducts Atlantic Herring

Hydr oacoustic Surveys each autumm on the historical spawning grounds of
Atlantic herring (O upea harengus) in the Gulf of Mine and Georges Bank
regions. The primary goal of these fisheries acoustic surveys is to provide
i mproved cost-effective, tinmely, and accurate fisheries-independent estimates
of herring spawni ng stock bi omass using advanced technol ogi es. Operationa
objectives of this year's cruise were to (1) calibrate the EK500 scientific
echosounder’s 18, 38, and 120 kHz transducers, (2) conduct hydroacoustic
surveys of Atlantic herring (C upea harengus) stocks in the aulf of Mine and
Ceorges Bank regions, (3) verify species-specific acoustical neasurenents with
m dwat er trawl and underwater video deploynents, (4) conduct in-situ nulti-
frequency target strength (TS) experinents on herring, (5) conpare estinates
bet ween the EK500 and EK60 scientific echosounders, and (6) evaluate the
Quester Tangent (QTC) seabed classification system




METHCODS
Survey design

Systenmatic surveys were conducted on historical herring spawning grounds in
the aulf of Maine (i.e., Jeffreys Ledge) and northern CGeorges Bank regions
during Parts 1 and 2. The survey design included a series of evenly spaced
paral l el transects within selected strata. The first transect within each
stratum was randomy selected. A transect was defined as a portion of the
cruise track with a constant vessel headi ng and speed, and assigned a uni que
sequential transect nunber. Survey speeds typically ranged from 8-11 knots
dependi ng on weather conditions. Fisheries acoustic data was coll ected
continuously along the cruise track and during gear deploynents using the
EK500's 18, 38, and 120 kHz frequencies. M dwat er traw i ng, underwater

vi deo, and CTD (conductivity-tenperature-depth) deployments were routinely
conducted to identify species conposition of backscatter, collect biologica
data, and docunent hydrographic conditions. Biological sanples were collected
and processed using standard NEFSC procedures. Trawl catch, event | ogging,
navi gati onal , oceanographi c, and meteorol ogi cal data were recorded using the
FRV Del aware’s onboard Fi sheries Scientific Conmputer System (FSCS).

Experinmental research:

EK500 operations were conducted al ong experinental transects in the northern
Georges Bank region during Part 3 to collect volume backscatter and individua
target strength (TS) neasurenments on Atlantic herring and other pelagic
species (e.g., redfish). Day-night conparisons were nade to investigate the
diurnal variability in their acoustic measurements. Mdwater traw ing,
underwat er vi deo, and CTD were conducted intermttently during the
experiments. Conparisons were al so conducted between the EK500's and EK60' s
38 and 120 kHz data. The Quester Tangent (QTC) |npact Seabed C assification
System (v..3.00) was tested and eval uated during the end of the cruise, while
underwat er vi deo provi ded observations on substrate type.

EK500 Scientific Echosounder:

Fi sheries acoustics is internationally accepted as an effective technol ogy for
surveying and estinmating the popul ati ons of pelagic fish such as herring,
provided data is collected by a calibrated scientific grade echosounder. A
cal i brated Sinrad EK500 Scientific Sounder System (v.5.30) was used during the
cruise. The EK500 provides |ow self-noise, high transnit power, instantaneous
dynam ¢ range of 160 dB, unlimted range conpensation (TVG, and efficient
transducers for scientific-grade detection capabilities for fisheries research
and assessnent. The FRV Del aware’s EK500 operated three hull-nounted
transducers (split-beam 18, 38, and 120 kHz) continuously along transects and
during gear deploynents. EK500 data were collected sinultaneously from each
of the three frequencies throughout the cruise at a ping rate of every two
seconds. An EK500 operational eventlog was nai ntained throughout the cruise
usi ng an Eventl og program and hand-witten | ogs.
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The EK500 vertically echo-integrated the volunme backscatter estimates (Sv in
units of n¥/n¥) into 0.5 mdepth increnents. Volune backscatter were
converted to cross-sectional backscatter (Sa in units of n¥/ nnf) as a relative
i ndex of abundance along the cruise track. Individual target strength (TS)
measurenents were al so collected by the EK500. EK500 data were | ogged to the
vessel's PC server using SonarData’s EcholLog program (v.2.25.15) via TCP/IP
ETHERNET line. The EK500 received its navigational input fromthe vessel’s
Scientific Conmputer System (SCS) differential GPS output. Prelimnary post-
processi ng of the EK500 data was conducted at sea using the Echovi ew software
(v.2.25.60) to filter unwanted noi se and partition species-specific
backscatter.

EK500 Cal i bration

The EK500 was calibrated using the standard sphere calibration procedure

bef ore conducting survey operations. For each frequency, a calibration sphere
of known target strength was suspended under the hull-nounted transducer. The
calibration sphere was noved throughout the beam pattern using three renotely
control l ed downriggers. TS gain and angle offset paraneters for the 18, 38
and 120 kHz split-beamtransducers were derived using the Sinrad Lobe program
(v.95.01.17). Sv gain was verified based on the integration tables. Existing
survey parameters for the transducers typically remain unchanged given high
preci sion and agreement with previous calibration results. Anbient noise
tests were conducted to ensure there were no cross-interference between
acoustical instrunentation. The anplitude fromthe transceiver test nenu was
checked routinely before, during, and after each cruise to ensure the EK500
system was operating properly during survey operations.

H gh Speed M dwater Rope Trawl (HSVRT):

The Hi gh Speed M dwat er Rope Trawl (HSMRT, Gourock design R2028825A) was

depl oyed intermittently to sanple acoustic backscatter to verify species
conposition and col |l ect biological sanples. The HSMRT is a four seam pel agi c
trawm designed with 53.1 m headrope, footrope, and breastlines. Reduced
meshes in the wings allowthe trawl to be towed at high speeds. The HSMRT was
towed at speeds ranging from3.8 - 5.0 knots, with average tow speeds of 4.5
knots. The HSMRT was rigged to 1.8 nt doubl e-foiled Suberkrub-type doors with
62.4 mof upper and |lower bridles. An optinmmtow configuration using 2.5 m
set back, 272 kg tomweights, and intermedi ate door spread with two shoe wei ghts
per door was inplenented during the cruise. The nmouth opening of the HSMRT
averaged approximately 13 £+ 3 mvertical and 27 + 5 mhorizontal. Traw
duration, tow depths, and tow speeds were not standardi zed or consistent
between traw s, therefore trawl catch data is not recomended for abundance
estimates. The mid-water traw is generally deployed to specific depths based
on the acoustic backscattering |ayers observed fromthe real-tine displays of
t he EK500 echosounder and FS903 trawl nonitoring sonar systenms. The tow
profile of the trawl was typically dropped increnmentally through the water
colum to the desired depth of the scattering |layer or about 10 moff the
bottom held at that depth until an adequate sanple is obtained according to
the FS903 display, and then retrieved back to the surface. Tow duration varied
between 10 to 60 mi nutes depending on acoustic fish signals observed. Tow
duration was defined as the time between setting the doors in the water to
when doors were haul ed out of the water



M dwater Trawl Mbnitoring:

M dwat er trawl perfornmance was neasured with a FS903 system | Tl system and a
pair of Vento tenperature-depth Mnilog sensors. The Sinrad FS903 Traw
Monitoring Systemis a third-wire device that provided real-tinme sonar inmges
of the trawl opening and performance. The FS903 sonar display al so showed
whet her fish were passing into or around the trawl opening, thus allow ng the
tow duration to be nininmzed to capture only the necessary anmount of herring
required for scientific sanples. The Sinrad ITI wireless trawl sensors were
used to obtain point neasurenents of the trawl depth, wi ng spread, and door
spread. Mnilog depth-tenperature probes were attached to the trawl headrope
and footrope to provide continuous depth-tenperature and traw perfornmance
profile data for each depl oynent.

Bi ol ogi cal Sanpling:

The catch fromeach trawm was sorted by species, weighed, and neasured (fork
length to the nearest cn) according to standard NEFSC procedures. Additiona
bi ol ogi cal sampling for Atlantic herring included individual weights (to
nearest 0.1 g), fork lengths (nearest nm, stonach content anal yses, and
otolith sanples for aging. The vessel’'s FSCS systemwas ulitized for on-board
entry and auditing of navigational, catch, and biological data fromtraw ing
operations.

Static Underwater Stereo Video System

An underwat er video system desi gned by the NEFSC Fi sheries Acoustics Research
Group was used to directly verify acoustic targets. The lights, stereo video
caneras, and attitude sensor is nmounted to a sled-like tow body that was

depl oyed mdship fromthe forward A-franme while the FRV Del aware drifted over
sel ected backscatter aggregations. The video systemis generally orientated
towards the acoustic beam of the vessel’s hull-nmounted transducers. A pair of
mat ched underwat er vi deo caneras were nmounted in the array to obtain stereo

i mgery of targets. The video cameras (DSP&L Super Sea Cam T5000-B-E) have
low light capability (0.001 lux sensitivity @f 0.8) with fixed focus at a
wor ki ng di stance from60 cmto infinity (97° h x 77° v field of view). Two
(DSP&L Mul ti - Sealites DM.- 1090- F- B-120/ 100, 6000m provided illum nation that
were dimed renmptely using an isolated variable transfornmer (120 v, 5 anp).
The lights were fitted with stainless steel collars that enabl ed easy
installation of different light filters. The real-time depth profile, pitch
and roll, conpass bearing, and tenperature of the system were recorded every
10 seconds using the JASCO Attitude Sensor. The real-tinme video and
environnental data were nonitored and recorded through a 330 mmnulti-conductor
cable via portable winch systemto a PC conputer and digital tape recorders.
The stereo video recordings were tine-stanped by frane with a tine-code
generator.

Fi sheries Scientific Conputer System (FSCS):

The FRV Del aware’s Fisheries Scientific Conputer System (FSCS) continuously
col l ected navi gati onal, oceanographic, and neteorol ogical data at a rate of
every 30 seconds throughout the cruise track. FSCS was al so designed for on-
board entry and audited of the station, catch, and biol ogical data fromtraw
sanpl ing operations. The FSCS Event Logger program was al so used throughout
the cruise to docunment operational events, such as the start and end points of
times and positions of each transect and deploynent. The tinme for all data
col l ection through the FSCS and ot her conputer systens were synchroni zed using
a master GPS clock and Di nension 4 software.

Survey Design Experinment:

An experinment was conducted on northern Georges Bank to examnine the
variability in the acoustic popul ations estimtes for herring using various
survey designs. A stratified evenly spaced transect survey design was
conducted during Part Il (Fig. 1). An adaptive approach was inplenmented to
ensure that the length of the transects included the herring aggregation
(i.e., atransect did not end in an area of high fish concentration).
Transects (lengths and di stances between transects) were chosen to cover the
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bat hymetric features which delimt each area. Each transect was sequentially
nunbered and defined as a continuous cruise track with a single heading and
constant ship speed. Parallel transects were defined as a series of parallel
coordi nated vessel tracks within a specified area. Cross-over transects were
tracks perpendicular to parallel transects for traveling between parallel
transects, and were generally not used for abundance estimtes. M dwater
trawl and CTD depl oynents were conducted intermittently along transects to
identify acoustic backscatter and oceanographic paraneters. Upon conpletion
of a depl oynent, the previous transect nunber was
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resurmed if the vessel continued along the track at approximately the same

| ocati on and headi ng of the previous transect. |If the vessel headi ng changed
or the vessel did not resunme near the end of the previous track, the transect
nunber was i ncrenented. Vessel speed during all surveys was designated at 10

knots, while actual survey speeds ranged from 8-12 knots dependi ng on weat her
conditions and currents.

During Part 111, a randomy selected parallel transect design was conducted in
the same survey area on northern Georges Bank (Fig. 2). The next survey design
i npl enented was a zig-zag design (Fig 2). A zig-zag design was typically used
to survey an elongated area aligned with a shoreline or bathynmetric contours.
A zig-zag survey consists of a series of coordinated transects where the
endi ng of the previous track and the begi nning of the next track occur in the
sane | ocation and the angle between transects is consistent. An advantage of
a zig-zag design is the nore efficient cruise track fromelimnating cross-
over transects, however the nodes where transects intersect nust be elininated
fromthe popul ation estinates.

Acoustic Data Coll ection and Post-Processing:

The primary acoustic data used for popul ation estimtes of Atlantic herring
were collected with the Sinrad EK500 scientific echosounder (v.5.30) operating
three hull rmounted transducers (a 12 kHz singl e-beam and 38 and 120 kHz split-
beam transducers). The three frequencies were transmtted sinultaneously at a
ping rate of one ping per two seconds. EK500 data were sinultaneously
transmtted to a Sun Sparc 5 workstation and a PC conputer for storage and
post - processi ng. EK500 data consist of echogramdata (binary files with
acoustic signals vertically integrated into 0.5 mbins) and a rel ationa

| NGRES dat abase. EK500 data were post-processed on the Sun workstation using
Sintrad’s BI500 (v.1.9.1996) post-processing package during the cruise. Post-
processing included renmoving bottominterference fromthe water columm signa
and apportioni ng acoustic backscatter to species conposition. Data for al
three frequenci es were post-processed and apportioned to herring backscatter
whil e at sea based on mdwater trawl catches, target strength distributions,
and backscattering patterns of aggregations. The 38 kHz data was the primary
dat a used for post-processing and deriving popul ation estimtes, and the 12
and 120 kHz data were post-processed identically for multifrequency anal yses.
After post-processing the data at sea, the EK500 data (echogramfiles and the
| NGRES dat abase) were downl oaded to a shore-based conputer at NEFSC for

archi ving upon the conpletion of each cruise part. These data will be further
processed at the |laboratory and | oaded into the NEFSC Oracl e data nanagenent
system EK500 data was al so | ogged and post-processed at sea using the

Sonar Dat a EchoLog and EchoVi ew software packages (v.1.2), and evaluate the
future inplementation of this new acoustic post-processor.

The EK500 processed each acoustic signal (ping) by correcting for beam pattern
effects, calibration constants, and hardware gains, and then vertically
integrated the data into 0.5 mbins (echogram data). Each half-meter bin is
vol ume backscatter (s,) with units of n¥/n? and is a quantitative nmeasure of
relative density. The mnimum vol ume backscatter threshold of -66 dB (dB = 10
| 0g.0(s,) was used to renove acoustic scattering by non-sw nbl addered fish

i nvertebrates, and zoopl ankton fromthe backscatter by sw nbl addered fish
(e.g., herring). For prelimnary data anal ysis and di agnostics, volune
backscatter was vertically integrated froma specified depth bel ow
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the surface (“bubble layer”) to 0.5 mabove the bottom Data between the
surface and the bubble |l ayer were not included in the analysis to elimnate
scattering by surface bubbles and noise. The bubble | ayer was set to 10 mfor
the 38 and 120 kHz data. The bubble | ayer was set to 32 mfor the 12 kHz data
as the upper 32 mof the 12 kHz data have significant noise fromthe “ring-
down” of the transducer. Vertical integration of volunme backscatter fromthe
bubbl e | ayer to the bottom gives areal density estimates (s,) with units of
nt/nt for all scatterers in the water colum. The BI500 then scal es these
density estimates fromn¥/ nf to nautical mle squared (n¥/ nnt = s, * 1852
nt/nn¥). We calculate s, at 0.5 nautical mile intervals. s, values are an

i ndex of relative areal density, and further analysis is required to produce
numeri ¢ abundance and bi omass estinmates for a survey area.

QO her Data: Conductivity-tenperature-depth (CTD) were conducted throughout
the cruise, generally at the transect nodes and | ocations of gear depl oyment.
During part Il of the cruise, Gerald Denny of Scientific Fisheries

I ncorporated (Anchorage, Al aska), conducted acoustic neasurenments with a

br oadband acoustic system His towbody was suspended fromthe forward A-frane
while the FRI'V Del aware was drifting. Acoustic data fromthe broadband system
was col |l ected and anal yzed using a Scientific Fisheries software package.

RESULTS

Crui se operations were divided into four tasks; calibration of the scientific
echosounder, systematic survey for popul ation estimates, in-situ experinents
to investigate the variability in the estimtes, and testing new acoustic

i nstrumentation.

Departure was del ayed one day due to northerly w nds, therefore EK500
calibrations were conducted dockside al ong the Wods Hol e Cceanogr aphic
Institution pier between Septenber 5'" at 23:00 and Septenber 6'" at 06: 00 (al
times herein are GVI). The 120 and 38 kHz split-beamtransducers were
accurately calibrated, but the 12 kHz singl e-beam transducer could not be
calibrated. Transceiver settings for gains and offset paraneters renmi ned
unchanged from previ ous surveys except for a slight nodification to the Sv
gain of the 120 kHz. The FR/V Del aware departed Wods Hol e, MA on Septenber
6'" at 13:15 to begin Part | of the Fall 2000 Herring Acoustic Survey.

Part | Operations:

Shakedown operations and systematic surveys were conducted in the Gulf of

Mai ne region during Part | (Fig. 1). Mdwater traw and acoustic shakedown
operations were conpleted in the Wl kinson Basin area (around 42°5' N 69°52' W
bet ween Septenber 6 at 22: 34 and Septenber 7 at 03:12. The Jeffreys Ledge
survey (transects 1 - 31) was conpl eted between Septenber 7 at 04:53 and
Septenber 8 at 12:24. The Platts Bank survey (transects 33 - 43) was

conpl eted between Septenmber 8 at 14:29 and 23:45. The |ast survey to be
conpl eted during Part | was Fi ppennies Ledge (transects 45 - 53) during
Septenber 9 at 01:41 - 07:49. The first four midwater trawl deploynents
(consecutive depl oynment nunmbers 1 - 4) were aborted due to harness and cable
connection problens of the FS903 trawl nonitoring system A midwater traw
was successfully conpleted on Jeffreys Ledge (depl oynent 5) and Platts Bank
(depl oynent 6). Some Atlantic herring were observed on Jeffreys Ledge, while
aggregations of herring were not observed in the Platts Bank and Fi ppennies
Ledge regions. An underwater video deploynent (deploynment 7) on Fi ppennies
Ledge was unsuccessful due to cable wiring problems. The FRV Delaware arrived
in Portland, ME on Septenber 9 at 16:00 to exchange scientific staff.



Part 11 Operations:

Part |1 began when the FRV Del aware departed Portland, ME on Septenber 10'" at
14: 00. Cashes Ledge was surveyed (transects 54 - 70) from Septenber 10 at
22:51 to Septenber 11 at 10:06. Mdwater traw deploynent 8 on Cashes Ledge
captured nostly silver hake. Sone potential herring backscatter was observed
on Cashes Ledge. Traw deploynent 9 was aborted due to FS903 di sconnecti on
and trawl depl oynent 10 was a test tow to ensure the FS903 was operati onal
The Cashes Ledge survey (transects 54 - 70) was conpleted on Septenber 11 at
10: 07. The first systematic survey of evenly spaced parallel transects al ong
the northern flank of Georges Bank began on Septenber 11 at 23:19. EK500
settings were changed froma depth range of 250 mto 500 mwith 1.0 m
resolution. Trawl deploynment 12 captured mainly silver hake and juvenile
butterfish, while trawl depl oynent 11 was aborted due to the FS903 connection
problems. The vessel intermttently stopped and drifted on aggregations of
herring to collect acoustic target strength neasurements with the EK500

(depl oynents 13, 20, 25, 29, and 33) and broadband acoustic neasurenents
(depl oynents 14, 21, 26, and 30). An underwater video (deploynent 15) was
attenpted, but aborted due to pigtail wiring problens. Conductivity-
Tenperature-Depth (CTD) profiles (deploynents 16, 19, 22, 23, 27, and 31) were
conducted at the end of selected transects and depl oynent sites. M dwater
trawling (deploynents 17, 18, 24, 28, 32, 34) confirned that Atlantic herring
was the predom nant pelagic fish species in the Georges Bank survey area. The
first evenly spaced parallel transect survey (transects 72 - 105) was

conpl eted on Septenber 16 at 04:28 ending Part 11.

Part 111 Operations:

Part 111 began upon departing Wods Hole, MA on Septenber 18, and the second
survey on Georges Bank using a random stratified parallel design began on
Septenber 19 at 03:06. During this survey, 33 CID profiles (deploynents 37-
37, 39, 40, 42, 44-47, 49-53, 55, 56, 59-61, 63-67, 69-70, 72-74, 76-79) and
12 midwater trawl s (deploynents 38, 41, 43, 46, 48, 54, 57, 58, 62, 68, 71

75) were successfully conpleted. The randomstratified parallel survey
(transects 106 - 132) was conpleted on Septenber 24 at 00:16. The FRV

Del awar e began a zig-zag transect survey (transects 133 - 155) on Septenber 24
at 00:50. The zig-zag survey design was conpleted on Septenber 29 at 03:31

Part 1V Qperations:

The FRV Del aware departed Wods Hole on Cctober 3 to begin part IV. A
systematic survey of evenly spaced parallel transects (transects 156 - 168)
was repeated begi nning on Cctober 4 at 02:21 to conpare intra-variability
within the evenly spaced parallel transect survey design. This second survey
using the evenly spaced parallel design was conpleted on Cctober 6 at 17:02
and a third replicate survey (transects 169 - 181) using the same design began
at 17:08. The third survey using the evenly spaced parallel transects ended
on Cctober 8 at 20:59. W began a series of night/day conparisons al ong an
experimental transect (184 - 187) on northern Ceorges Bank on Septenber 9 at
02:47. Operations were curtailed for about 20 m hours due to rough seas
exceeding 2 m The ni ght/day conparisons (188-189) resuned on Cctober 10 at
14: 45. Rough seas once agai n stopped acoustic operations on Cctober 11 at
00: 40,
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and the FRV Del anare slowy (5 kts) worked towards Wods Hol e by conducting
the final transects (190 - 191) along the 150 m contour of northern Georges
Bank. The FRV Del aware arrived in Wods Hole on Cctober 11 at 22: 00,
approxi mately 1% days earlier than originally schedul ed.

In sumary, the Fall 2000 Herring Acoustic Survey successfully conpleted the
primary objectives. Approximately 4,876 nautical mles of acoustic transects
were conpleted in the Gulf of Miine and CGeorges Bank regions. Prelimnary
abundance estimates indicate a |arge biomass of herring were present al ong
nort hern Georges Bank throughout the cruise period, while a relatively |ow

bi omass of herring were observed in the Gulf of Maine along our cruise track
A total of 164 gear depl oynents were conducted throughout the cruise, with 49
m dwater trawl deploynents (Table 1). The predom nant pelagic fish captured
was Atlantic herring, particularly in the northern CGeorges Bank region

Addi tional effort was made this year to collect salinity-tenperature-depth
profiles with 103 CTD depl oynents. Mbdre routine CTD depl oynents will be

i mpl enented during future acoustic surveys to investigate interannua
variability in the density distributions of herring and other pelagic fish and
squid in relation to environmental anomalies. Underwater video operations
wer e unsuccessful this year due to cable/pig-tail wiring problens resulting
fromnodifications of the platformto nmeet nultiple objectives. The nmain
probl em occurred froma Pan-tilt AC and JASCO Attitude Sensor DC ground
sharing the sane conductor which caused NEMA and video interference. This
wiring problemw ||l be resolved in tine for the next cruise by adopting a

uni versal pigtail that can be used for fisheries acoustic, habitat assessment,
and gear selectivity operations. There was excellent progress with
experimental work with broadband acoustics during the second | eg. Broadband
acoustical data was collected on a variety of aggregations, including Atlantic
herring. Broadband acoustics is an advanced technol ogy under devel opnent

whi ch has the potential for increased capability to classify species-specific
backscatter.

Consi derabl e effort was devoted this year to repeating the northern Georges
Bank survey using various survey designs (i.e., stratified evenly spaced
paral l el transects, randomy sel ected parallel transects, and zig-zag
transects) in an effort to deternine an optimal design. Prelimnary results
suggested that the random sel ected transect design had less variability than
the other designs. The evenly spaced design was also repeated three tines to
investigate the intra-variability with a given design. The successfu

conpl etion of this survey design experinent will help to provide us with
confidence intervals on our future acoustic popul ation esti mates.

DI SPCSI TI ON OF DATA

Al data and results are archived at the Northeast Fisheries Science Center
Results will be presented and data distribution on CD-ROM at an annua

Nort hwest Atlantic Herring Acoustic Wrkshop in conjunction with scientists
fromthe Canadi an Departnent of Fisheries and Cceans.



-10-
SClI ENTI FI C PERSONNEL

National Marine Fisheries Service, NEFSC, Wods Hole, MA

Wl liam M chael s Research Fisheries Biologist Parts 1, 2, 3
(Chief Scientist - Part 3)

M chael Jech Research Fisheries Biologist Parts 1, 2, 3
(Chief Scientist - Part 2)

WIlliam Overholtz Research Fisheries Biologist Part 1

(Chief Scientist - Part 1)

National Marine Fisheries Service, NEFSC, Narragansett, R

Steven Pitchford Bi ol ogi cal Lab Technician Part 3

Nati onal Marine Fisheries Service, NEFSC, Cape May, NJ

I ngo Fl em ng Fi sheri es Reporting Spec. Part 3
Contractors, NEFSC, Wods Hol e, NA

Davi d Chevri er Pr ogr ammer Part 1

David Gal | agher Acoustic Techni ci an Part 1

Eli zabeth Pratt Acousti c Technici an Part 1

El | en Johnson Acousti c Technician Part 2
Worcester Pol ytechnical Institute, Wrcester, M

Anna Sel |l ars Contr act or Parts 2, 3

Cornell University, Ithaca, NY

Sandy Parker St udent Part 3
Virginia Institute of Marine Science, G ouster Point, VA
Dani el Doolittle St udent Part 3
North Weynouth, MA

C ndy Pel aquin Vol unt eer Part 2
Carl a Pizzi Vol unt eer Part 2
Wi t man, MA

St ephen Coneau Vol unt eer Part 2
GQuilford, CT

Bryan DeAngelis Vol unt eer Part 2
Part 1 Septenber 3 - 13, 2002

Part 2 Sept enber 16 - 27, 2002

Part 3 Sept ember 30 - Cctober 11, 2002
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For further information please contact: WIliam M chaels, National Marine
Fi sheries Service, Northeast Fisheries Science Center, 166 Water Street, Wods
Hol e, Massachusetts 02543-1097. Tel ephone (508) 495-2259; Fax (508) 495-2258.

Email: WI1liam M chael s@oaa. gov
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